the PASTURE study group IMPORTANCE Atopic dermatitis is an inflammatory, pruritic skin disease that often occurs in early infancy with a chronic course. However, a specific description of subtypes of atopic dermatitis depending on the timing of onset and progression of the disease in childhood is lacking.
M ore than 20% of children in industrialized countries have atopic dermatitis. [1] [2] [3] [4] In more than 60% of these children, the disease started within the first 2 years of life.
5 Even though many children will outgrow the disease, in others it will persist. 6 Atopic dermatitis is considered to be one of the first manifestations in the atopic march, which describes the typical progression of clinical symptoms of allergic diseases during childhood. Several studies have shown that atopic dermatitis is positively associated with asthma. [7] [8] [9] The risk of developing asthma among children with atopic dermatitis was shown to be increased by 2 compared with children with no atopic dermatitis.
10
Although there is a strong association between atopic dermatitis and respiratory allergy, the hypothesis of the atopic march might be more complex. In 2015, it was suggested that instead of one atopic march, there are several subgroups of developmental profiles of allergic diseases depending on their onset and natural course.
11,12 Therefore, it is important to define the different phenotypes of atopic dermatitis and to evaluate their association with the development of other allergic diseases to develop successful strategies in allergy prevention. The birth cohort Protection Against Allergy Study in Rural Environments (PASTURE) offered the opportunity to prospectively investigate whether different phenotypes of atopic dermatitis could be identified during childhood based on the onset and natural course of the disease. In this study, we used the latent class analysis (LCA) to define different phenotypes of atopic dermatitis based on symptoms reported by the parents from birth to 6 years of age. We further examined whether subtypes of atopic dermatitis are differently associated with environmental exposures or familial allergy status and their association with the development of other allergic diseases.
Methods

Study Design and Population
The PASTURE study is a birth cohort involving children from rural areas in 5 European countries (Austria, Finland, France, Germany, and Switzerland) designed to evaluate risk and preventive factors for atopic diseases. 13 Pregnant women were recruited during pregnancy between August 2002 and March 2005 and divided into 2 groups. Women who lived on familyrun farms where livestock was kept composed the farm group. Women from the same rural areas not living on a farm were in the reference group. In total, 1133 children were included in the PASTURE birth cohort. For this analysis, 1038 children were included because for 90 children, data on symptoms of atopic dermatitis were missing at all times or reported at only 1 time. Additionally, 5 children could not be assigned to any classes defined by the LCA, as detailed in the Statistical Analysis subsection. The study was approved by the local research ethics committees in each country (Ethikkommission St Gallen, Switzerland; Comité de Protection des Personnes, Besançon, France; The Research Ethics Committee of the Northern Savo Hospital District, Kuopio, Finland; Ethik-Kommission der Bayerischen Landesärztekammer, München, Germany; and Ethikkommission für das Bundesland Salzburg, Salzburg, Austria), and written informed consent was obtained from all parents.
Definitions
Questionnaires were administered in interviews or selfadministered to the mothers within the third trimester of pregnancy, when children were aged 2 months, 12 months, 18 months, and 24 months, and then yearly until age 6 years. Feeding practices were reported by parents in monthly diaries in the first year of life.
Children were defined as having symptoms of atopic dermatitis when the parents reported an itchy rash at least once since the last questionnaire on at least 1 of the following specific locations: face, neck, elbow, behind the knees, hand, or feet. We used reports of atopic dermatitis symptoms at 7 points (at ages 1 year, 1.5 years, 2 years, 3 years, 4 years, 5 years, and 6 years).
Prenatal contact with farm animals was assumed if the mother reported contact at least several times per month in 1 of the pregnancy trimesters. Consumption of farm milk was defined as a consumption of at least a mean of 10 mL per day.
Children were defined as having asthma when parents reported at age 6 years that the child had either been diagnosed by a physician as having asthma at least once or been diagnosed by a physician as having at least 2 episodes of spastic, obstructive, or asthmatic bronchitis in the first 6 years of life. Obstructive bronchitis is commonly used to define the first occurrence of asthmatic symptoms. Additionally, we used a similar definition of asthma based on the same reported physician diagnosis but reported only in the 4-year, 5-year, or 6-year questionnaire, independently of the history of asthma in the first 3 years. Food allergy was defined when the parents reported a physician diagnosis of food allergy up to age 6 years. Another definition of food allergy was used, also based on physician diagnosis of food allergy but restricted to children with reported confirmation by an allergy test. Allergic rhinitis was defined by the presence of symptoms (itchy, runny, or blocked nose without a cold and associated with red itchy eyes) or a physician diagnosis of allergic rhinitis reported at 6 years. The Scoring Atopic Dermatitis (SCORAD) score was assessed during the medical examination at 1 year and 6 years of age. Allergen-specific IgE antibodies (Dermatophagoides pteronyssinus, Dermatophagoides farinae, alder, birch, hazel, grass pollen, rye, mugwort, plantain, cat, horse, dog, alternaria, hen's egg, cow's milk, peanut, hazelnut, carrot, and wheat flour) were measured in blood among children at age 1 year and 6 years using the Allergy Screen Test Panel (Mediwiss Analytic), as described previously.
14 Sensitization was defined as specific IgE level of 0.7 IU/mL or more. Positive parental history of allergies was defined as ever having asthma, allergic rhinitis, or atopic dermatitis.
Statistical Analysis
Longitudinal LCA was used to identify subtypes of atopic dermatitis symptoms over time. Children having no data on symptoms of atopic dermatitis or reported at only 1 time from birth to 6 years of age were excluded (n = 90). The Akaike information criteria were used to define the number of classes with the best fit to the data, with the smallest value representing the most optimal model. The probability for an individual to belong to each class is estimated based on conditional probabilities of atopic dermatitis at each time given a class membership. Individuals were assigned to the class for which they had a probability of at least 0.5. Five children were not assigned to any classes because all probabilities were less than 0.5 at each time. Therefore, in this study, 1038 children were included. As sensitivity analysis, LCA was performed among children with information on atopic dermatitis symptoms at all 7 points up to 6 years (n = 636). Multinomial logistic regression for 4-level outcome was used to investigate the association between exposures and phenotypes of atopic dermatitis. Logistic regression models were used to compare the odds of allergic outcomes across groups defined by atopic dermatitis phenotype. For the association between exposures and atopic dermatitis phenotypes, we stratified the analyses by parental history of allergy, which is a well-known predictive factor for allergic diseases. Multivariable models were further adjusted for this variable and the following potential confounders: sex and breastfeeding because some associations with phenotypes of atopic dermatitis and other allergic diseases were found; center; and farming status as used in the selection of the study population.
Data analysis was conducted using SAS software, version 9.4 (SAS Institute Inc). Statistical significance was taken as a 2-sided P value < .05.
Results
Characteristics of the Study Population
One thousand thirty-eight children were included in this study. The proportion of farmers' children was 47.7% (n = 495), and 53.4% (n = 551) had at least 1 allergic parent ( Table 1) . Six hundred thirty-six children had complete data, with information on atopic dermatitis symptoms reported at all 7 times up to 6 years. No significant differences were observed between children with complete data and the total study population (eTable 1intheSupplement).
Latent Class Analysis With Atopic Dermatitis Symptoms
We used LCA to define different phenotypes of atopic dermatitis based on symptoms from birth to 6 years of age. Four classes were identified as the best model fitting the PASTURE study data, using Akaike information criteria, with the smallest value representing the most optimal model (with 3 classes, 216.41; with 4 classes, 174.78; with 5 classes, 176.71; and with 6 classes, 177.39). We could define 4 different phenotypes of atopic dermatitis symptoms: the early-transient phenotype (n = 96; 9.2%), with onset of atopic dermatitis within age 2 years and no further symptoms after age 4 years; the earlypersistent phenotype (n = 67; 6.5%), with onset within age 2 years and the persistence of symptoms until age 6 years; the late phenotype (n = 50; 4.8%), with onset of the disease after 2 years of age; and the never/infrequent phenotype (n = 825; 79.5%) (Figure 1) . Latent class analysis, performed among the subgroup of children with a complete data set (n = 636), identified the same phenotypes of atopic dermatitis (eFigure 1 in the Supplement). The point prevalence of atopic dermatitis symptoms was similar at the different times from birth up to 6 years of age: between 11.4% and 16.9% (eTable 2 in the Supplement).
Associations between SCORAD at 1 year and 6 years and atopic dermatitis phenotypes showed that the earlytransient phenotype was positively associated with a positive SCORAD (score >0) only at the age of 1 year and the late phenotype only at the age of 6 years, while the earlypersistent phenotype was strongly associated with a positive SCORAD at both times (eTable 3 in the Supplement). The distribution of SCORAD scores showed an increased proportion of children with higher score among children with earlypersistent phenotype compared to other phenotypes (eFigure 2 in the Supplement).
Association Between Exposures and Phenotypes of Atopic Dermatitis Symptoms
Next, we investigated whether exposures during pregnancy or first year of life were associated with atopic dermatitis phenotypes identified by LCA. Parental allergic status was strongly associated with early phenotypes, especially the earlypersistent phenotype (eFigure 3 in the Supplement). Children having both parents with history of allergy had a nearly 6-fold increased risk of developing early-persistent atopic dermatitis compared with children with parents with no history of allergy (Table 2 and eTable 4 in the Supplement). Prenatal contact to an increased number of different farm animal species showed a tendency of a negative association with all phenotypes of atopic dermatitis. Prenatal exposures to pets (dog or cat) were negatively associated with the early-persistent phenotype of atopic dermatitis. This protective effect was observed specifically among the children with at least 1 parent with history of allergy (eTable 5 in the Supplement).
After adjustment and exclusion of children with atopic dermatitis symptoms in the first year of life, no association was observed between breastfeeding and atopic dermatitis phenotypes. The risk of early-persistent atopic dermatitis was decreased when yogurt was introduced in the first year of life (eTable 4 in the Supplement). After adjustment and The prevalences of the phenotypes are 9.2% for early transient (n = 96), 6.5% for early persistent (n = 67), 4.8% for later (n = 50), and 79.5% for never/infrequent (n = 825). exclusion of children with atopic dermatitis symptoms in the first year of life, we still observed a negative association ( Table 2) . Introduction of other food items was not associated with atopic dermatitis phenotypes (data not shown).
Association Between Phenotypes of Atopic Dermatitis Symptoms and Other Allergic Diseases
Up to 6 years of age, the prevalence of asthma was 8.5% (n = 78), the prevalence of food allergy was 9.0% (n = 78), and the prevalence of allergic rhinitis was 7.9% (n = 73) ( Table 3) .
Asthma
Both early phenotypes of atopic dermatitis showed a tendency of an increased risk of developing asthma, although the association was stronger with the early-persistent phenotype (Table 3 ). The proportion of children having asthma was 17.5% among children with early-persistent phenotype (n = 10) compared with 7.5% among those with never/infrequent atopic dermatitis (n = 55). Additional analyses with a definition of asthma based on reported physician diagnosis of asthma or obstructive bronchitis only between 4 and 6 years, independently of the history of asthma in the first 3 years, showed also an increased risk of developing asthma (adjusted OR, 2.55; 95% CI, 1.10-5.93). No association was observed with the late phenotype of atopic dermatitis.
Food Allergy
Early phenotypes of atopic dermatitis were strongly associated with food allergy, but late phenotypes were not (Table 3) 
Allergic Rhinitis
Children with early-persistent phenotype and those with late phenotype had an increased risk of developing allergic rhinitis (Table 3) . No significant association was observed with the early-transient phenotype.
To evaluate the effect of early phenotypes and food allergy separately and combined on asthma and allergic rhinitis, we used a variable with 4 categories: children having an early phenotype (transient or persistent) of atopic dermatitis or not and having food allergy or not (Figure 2 ). The children with only early atopic dermatitis (n = 101) did not have an increased risk of respiratory allergy. On the other hand, children with only food allergy (n = 38) had an increased risk of respiratory allergy. The highest risk to develop respiratory 
Atopic Sensitization
Sensitization measured at 6 years showed positive associations between the early-persistent phenotype and sensitization to inhalant allergens and between the late phenotype and sensitization to food allergens (Table 3) . We additionally investigated whether sensitization at the age of 1 year could predict the phenotypes of atopic dermatitis and found a strong association between sensitization to food allergens and the early-persistent phenotype (eTable 6 in the Supplement). No associations were found between sensitization to inhalant allergens at 1 year and the phenotypes of atopic dermatitis.
Discussion
In this study, we identified 4 different phenotypes of atopic dermatitis using the LCA with atopic dermatitis symptoms at 7 different times in childhood. These phenotypes are characterized by the age of onset of first symptoms and natural course of the disease from birth to 6 years of age. We define 2 phenotypes with early onset within age 2 years, with transient and persistent progression; a late phenotype, with onset after the age of 2 years; and a phenotype including children mainly free of symptoms.
Although early manifestation of atopic dermatitis was previously described, to our knowledge, this is one of the first studies using the LCA method with data from a large birth cohort study to define atopic dermatitis phenotypes. This method allows us to confirm that different phenotypes of atopic dermatitis could be defined by the timing of onset but also by their progression during childhood.
The major findings of this study are that only children with early phenotypes of atopic dermatitis determined by LCA have an increased risk for developing asthma and food allergy. Early-transient and early-persistent phenotypes are similar regarding their positive associations with other allergic outcomes, although stronger with the early-persistent phenotype. The late phenotype seems to be different, being only associated with allergic rhinitis and not with asthma or food allergy.
There are many factors associated with the development of asthma. Genetic factors are clearly important, but the presence of atopic dermatitis is also recognized as a risk factor and is a major criterion of validated asthma predictive index.
15 Consistent with our results, it was also observed that children with an early onset of atopic dermatitis had an increased risk to develop asthma, in contrast to children with later onset. 7, 9, [16] [17] [18] Latent class analysis is a well-known statistic method and was already used in several birth cohorts to define phenotypes of wheeze in childhood. [19] [20] [21] [22] In 2016, LCA method was also used to identify phenotypes of atopic sensitization.
23,24
To our knowledge, this is one of the first studies using the LCA method to evaluate different subtypes of atopic dermatitis in childhood. The strengths of this study are the large population design of the PASTURE study and the repeated data on atopic dermatitis symptoms, prospectively collected from birth to school age, which give the opportunity to use this method.
Our findings indicate that both genetic and environmental factors influence the course of atopic dermatitis differently depending on the phenotype. The family history of allergy shows a positive association with all phenotypes of atopic dermatitis determined by LCA but stronger with the early-persistent phenotype. In the same study population, we already reported an increased prevalence of early-onset physician diagnosis of atopic dermatitis among children at high risk and not of atopic dermatitis with onset after age 1 year. 25 Consistently, another birth cohort showed that parental atopy was positively associated with atopic dermatitis with onset within the first 2 years of age.
9
We found only weak associations between environmental exposures and phenotypes of atopic dermatitis. Previously, we reported that prenatal farm animal contact was associated with a lower risk of physician diagnosis of atopic dermatitis. 26 In this study, prenatal exposure to an increased number of farm animal species had a tendency to be protective against all atopic dermatitis phenotypes. A protective effect of prenatal exposure to pets was shown only on the earlypersistent phenotype and specifically among children with allergic parents. Previously, we have shown a potential protective effect of yogurt's consumption in the first year of life on physician diagnosis of atopic dermatitis and other allergic diseases. 25, 27 In this study, we could show that this protective effect of yogurt in the first year of life was only on the early-persistent phenotype of atopic dermatitis. Our results showed that children with an early-persistent phenotype are most at risk to develop respiratory allergy. Therefore, children developing symptoms of atopic dermatitis before age 2 years with a positive food sensitization, being 
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Phenotypes of Atopic Dermatitis in Childhood associated with persistent atopic dermatitis, should be a focus group for respiratory allergy prevention. One simple strategy could be based on the diet, such as recommendation of introduction of yogurt in first year of life, which we showed here to be a protective factor on the early-persistent phenotype. Moreover, we observed that children having both an early phenotype of atopic dermatitis and food allergy had a very high risk of developing asthma or allergic rhinitis. This finding is of great importance because atopic dermatitis and food allergy are diseases appearing often in early childhood, with the hypothesis that children with atopic dermatitis are more prone to develop sensitization to food allergens owing to a defect of skin barrier among those children. 28, 29 Children developing those diseases in early life might require special attention for prevention strategies of respiratory allergy. Moreover, it would be important to further find immunologic markers for these clinical phenotypes of atopic dermatitis because it was suggested that among atopic children, there are different immunological phenotypes.
30
Limitations
Although LCA is a robust statistical method, misclassification of atopic dermatitis between the classes might be considered. Nevertheless, objective measurements, such as the evaluation of SCORAD score, performed during medical examination at 1 year and 6 years of age, showed consistency with our classification of atopic dermatitis phenotypes. Definition of asthma based on reported physician diagnosis might lead to an underestimation of the prevalence of these diseases and therefore might bias the association with atopic dermatitis phenotypes toward the null. However, we found a strong positive association between early-persistent phenotype and asthma. Definition of food allergy based on reported physician diagnosis might include food intolerance or delayed reaction, which most likely leads to an overestimation of the prevalence. Therefore, we used a second definition also based on physician diagnosis of food allergy but only including children with reported confirmation by allergy test and the results were very similar with both definitions. Owing to the limitation of the definition of food allergy, one explanation of the strong positive association between the early-persistent phenotype and food allergy might be that some children with this phenotype of atopic dermatitis were sensitized to food allergens without clinical significance.
Conclusions
In conclusion, among a birth cohort study, using the LCA method, we identified 4 different phenotypes of atopic dermatitis symptoms in childhood, depending on the age of onset and natural course of the disease. Children with early phenotypes, especially with persistent symptoms, have an increased risk of developing other allergic diseases, and having additional food allergy substantially increases this risk. These results might give hints for future development of prevention strategies such as using precision medicine approaches. 
